* 
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Hic exhaust port pressure threshold, P^^^^^,^ is 
calculated as the pscudo code below indicates 

Then P, 



Else R 



where P 




•7.35+PEEP+P^-0.03 



*^-0-05^^.35 



(Eq. 11) 
(Eql2) 



_^ has an upper bound of 100 cmHiO. 

The exhalation pressure sensor measurement, P^, is 
compared to P«^,^„^^^^. If P.^>P^^._^_^'^, 

200 msec have 



for 100 consecutive milliseconds, and 2UO msec have 
elapsed in the exhalation phase, a severe occlusion alarm iscSgTJ^ 

us jfl \ I 
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Phase 5: An inspiration phase with current mandatory 
settings, the only exception being PEEP which remains at 
zero. P^ is used as the feedback signal for control purposes 
if the breathing algorithm is pressure based. 

It will be apparent from the foregoing that while particular 
forms of the invcntiM have been illustrated and described, 
various modificationsyan be made without departing from 
the spirit ands£Q^ oAthe invention. Accordingly, it is not 
intended tjj^the invditioa be limited, except as by the 
10 appended/claims. 
What is claimed 
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aimunciated and ventilation switches to the occlusion status 
cycling mode. It is commonly diflScult to detect this type of 
occlusion during inspiration, and this mode of occlusion 
detection is disabled during exhalation pauses. 

The maximum flow delivered from the ventilator is 
dependent upon patient type. The maximum flow limits 
(Flow__cmd_limit) for adult and pediatric patients arc typi- 
cally 200 and 80 Ipm, respectively. 

In a presently preferred embodiment, concurrently with 
the declaration of severe occlusion or the detection of 
exhalation exhaust port occlusion, the invention provides for 
a pressure-based occlusion status cycling mode. Occlusion 
status cycling serves two objectives: 1) protecting the patient 25 
from over distension while attempting to ensure that the 
patient receives some ventQation, and 2) monitoring the 
inspiratory and expiratory phases to determine if the severe 
occlusion abates. As occlusion status cycling ensues, the 
severe occlusion may relax to either a partial or a normal 
state. If an occlusion does abate, it must qualify as less than 
a severe before the ventilator system will revert to settings 
in effect prior to the patient tubing system occlusion. During 
occlusion status cycling, a purge flow is not to be estab- 
lished. 

Referring to FIG. 2, the flow chart depicts the sequence of 
events that must be performed for the implementation of 
occlusion status cycling. Five phases of occlusion status 
cycling have been defined for the purpose of flow charting. 

Phase 1: An exhalation phase in which the ventilator 40 
closes the pressure solenoid valves, controls the expiratory 
valve to zero PEEP, discontinues flow triggering, sets PEEP 
equal to zero, sets the breathing gas oxygen percentage to 
100, and opens the safety valve. This shut-down state 
persists until P^^^^S cmH^O or until 15 seconds have 
elapsed, whichever occurs first This phase is typically 
entered if an occlusion is detected while ventilating with 
normal settings. 

Phase 2: An inspiration phase, in which at the beginning 



l.Ai 
patient^ 



cally contr 



fojxietecting disconnection and occlusion of 
'system of a pneumatically driven, electro ni- 
>lled ventilator system for providing breathing 



15 gas to a pat cnt during the exhalation phase of a breath cycle, 
said exhala ion phase having a plurality of control intervals, 
comprising the steps of: 

delivering; a flow of breathing gas to a patient during an 
inspiratory phase of a breath cycle; 

determining an onset of an exhalation phase of said breath 
cycle; \ 

suspending gas flow delivery to the patient tubing system 

during ^d exhalation phase of said breath cycle; 
monitoring! exhalation flow and pressure in the patient 
tubing sjjrstem during a plurality of control intervals of 
said exhalation phase of said breath cycle to determine 
whether 'a condition indicating disconnection of the 
patient tubing system has occurred; 
monitoring Exhalation pressure in the patient tubing sys- 
tem duriijg a plurality of control intervals of said 
exhalatioti phase of said breath cycle to determine 
whether a k^ndition indicating occliision of the patient 
tubing systeHTtiSs occurred; and 
generating aldisconnection signal indicating disconnec- 
tion of the patient tubing system responsive to said 
exhalation now and said pressure in said patient tubing 
system if said condition indicating occlusion of the 
patient tubing system has not occurred, and if said 
condition it dicating disconnection of the patient tubing 
system has occurred. 
2. The metho i of claim 1, wherein said tubing system 
includes an exh ilation line, and said step of monitoring 
exhalation flow md pressure in the patient tubing system 
comprises sensin i pressure and flow in said exhalation line, 
and declaring dis< roimection of the patient tubing system has 
occurred if, during a control interval, the pressure in the 
exhalation line is less than or greater than a predetermined 
pressure range, and if exhalation flow is less than a prcde 
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" ^ » — w^j^uLujj pressure range, ana it cxnaiaiion now is less tnan a prcde- 

the ventilator closes the safety valve. After the 500 msec 50 termined flow thieshold, for a contiguous period of con- 
have elapsed, to allow for safety valve closure, the ventilator secutive control intervals within a predetermined initial 
system dehvers a Pressure ControUed Ventilation (PCV) period of time fofiowing onset of an exhalation phase 
based breath with an inspiratory pressure target of 15 3. The method of claim 1. wherein said tubing system 

cmH^O a W ac<^^ percent of 100. an inspiratory includes an exhalation line, and said step of monitoring 

time of (2500-500) msec, and using P^ as the feedback 55 exhalation flow aid pressure in the patient tubing system 
signal for control. comprises sensing pressure and flow in said exhalation line. 

Phase 3: An exhalaUon phase, in which the ventUator and declaring disconnection of the patient tubing system has 
closes the pressure solenoid valves and controls the exha- occuaed if, durir^ a control interval, the pressure in the 
•lation valveto zero PEER Exhalation will last until (P^^S exhalation line is fess than or greater than a predetermined 
cmH^O AND at least 2.5 sec have passed) OR a total of 5 60 pressure range, atij if exhalation flow is less than a discon- 
se^nds have elapsed since the beginning of the exhalation. nection flow limit threshold based upon a flow target and a 
Phase 4: An exhalatioii phase, in which the ventilator predetermined di< connection sensitivity, for a contiguous 
closes the pre^ure solenoid valves, controls the exhalation period of conseci tivc control intervals within a predeter- 
valye to zero PEEP and opens the safety valve. Exhalation mined initial period of time following onset of an exhalation 
wiU Ust until (P£^p<5 cmH^O AND at least 2S sec have 65 phase. 

passed) OR a toi^ of 5 sees, have elapsed since the 4. The method^ SjP^claim I, wherein said tubing system 

beginning of the exhalation includes an cxhJliSon line, and said step of monitoring 
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exhalation flow pressure in the patient tubing system 
comprises sensing flow in said exhalation line, and declaring 
disconnection at the patient mbing system has occurred if a 
desired flow taitet is greater than or equal to a maximum 
flow threshold, and the duration of a current inspiration is 
greater than or equal to a maximum aUowcd spontaneous 
inspiration time. 

5. The method of claim 1, wherein said tubing system 
includes an exhalation line, and said step of monitoring 
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monitoring flow and pressure to determine whether a con- 
diti^ mdicadng abatement of occlusion of the paaent 
tubing system has occurred. 

13.\The method of claim 11, wherein said ventilator 
systcmVncludes a pressure control valve and a safety valve 
and brekh support is flow triggered, and further comprising' 
the step^of a shut-down phase of closing the pressure 
control vdive, controUing the exhalation valve to maintain 
patient en^ expiratory pressure at approximately zero, dis- 



iu^iuu«» du cxijaiauoQ une, ana said step of monitoring paiicoi cnacxpuaiory pressure at approximately zero, dis- 

exhalation flow and pressure in the patient tubing system lo continuing How triggering, setting the paUent end expiratory 

comprises sensing flow in said exhalation line from the pressure cqhal to zero, setting the breathing gas mix to 

beginning of I an inspiration to the beginning of an Rcrcent oxygen, and opening the safety valve, 

exhalation, determining an exhalation volume from the 7^5 of claim 13, further comprising the step 

sensed flow frbm the beginning of the inspiraUon to the imtiatmg thb resumption of flow of breathing gas to the 

beginning of the exhalation, and declaring disconnection of is P^^i,<^°5^^^i°g sVstem during an inspiratory phase of a breath 

the patient tutiing system has occurred if the exhalation ^yf/*= "^d^catrng abatement of occl^^^ 

volume is less than the integral of the net flow from t^e ^ iT mfrhto.^^ T^""""^- * • 

6. J^e methUf claim 1. wherein said tubing system c^V^Xl^^^^^^ 

mcludes an exha^tion hne and an inhalation line, and phase, in which at L beginning the venOlator Ss the 

wherem said step of monitormg exhalation pressure in the safety valve, waiting\a predetermined interval of time to 

patient tubmg system to determine whether a condition 25 aUow for the safety valve to close, delivering a Pressure 

mdicating occlusion of the oatient tubintr <^vf^t^m Controlled Ventilatinn 



35 



indicating occlusion of the patient tubing system has 
occurred comprises sensing pressure in said exhalation line, 
sensing pressure hi said inhalation line, determining a pres- 
sure drop by comf aring pressure in said exhalation line and 
pressure in said itihalation line, and generating an alarm 30 
indicating occlusion if said pressure drop exceeds a prede- 
termined pressure drop threshold. 

7. The method Df claim 6, further including the step of 
adjusting said pressure drop for a pressure ofl&et and a gain 
drift. / 

8. The methodjc f claim 6, wherein said ventilator system 
1 includes a plurality of counters, each of said counters having 

a different limit <»rresponding to a different respective 
= pressure drop ran;c, said step of monitoring exhalation 
= pressure in the patient tubing system to determine whether 40 
a condition indicat ng occlusion of the patient tubing system 
has occurred comi rising comparing said pressure drop and 
said pressure drop threshold in a plurality of consecutive 
control intervals, and incrementing each of said plurality of 
counters if the pre sure drop is greater than the correspond- 45 
ing pressure range of the plurality of counters, respectively, 

and generating an ^' ^ . - - * 

plurality of cou 

9. The metho 

have a prcdcter{nincd duration. 50 

10. The faethod of claim 1, wherein said tubing system 
mcludes an Exhalation compartment, and wherein said step 
of monitoridfi exhalation pressure in the patient tubing 
system to detWmine whether a condition indicating occlu- 
sion of the pa\ient tubing system has occurred comprises 
sensing pressur\ in said exhalation compartmcni, and gen- 
erating an alarm \ndicating occlusion if said pressure in said 
exhalation compittment exceeds a predetermined exhaust 
port threshold prdteurc for a predetermined number of 
consecutive control \nterva Is within a predetermined period 
of time during an exmilation phase. 

11. The method of ckim I, further comprising the step of 
generating an occlusioAsignal indicating occlusion of the 
patient tubing system if Said condition indicating occlusion 
of the patient tubing system has occurred. 

12. The method of clainAll, further comprising the steps 
of opcmng the exhalation vijvc, delivering an idle flow, and 



pressure target of appros 
exhalation phase, in whic 
control valve and control 
a patient end expiratory 
untfl the inspiratory pres 
cmHjO and at least 2.5 



breath with an inspiratory 
lately 15 cmH^O; initiating a first 
the ventilator closes the pressure 
the exhalation valve to maintain 
ressure of approximately zero, 
^e is less than or equal to 5 
_ _ _ have passed, or a total of 5 
seconds have elapsed since Ihe beginning of the first exha- 
lation phase; initiating a sec6nd exhalation phase, in which 
the ventilator closes the pres^e control valve, controls the 
exhalation valve to maintain a^ patient end expiratory pres- 
sure of approximately zero and opens the safety valve until 
the inspiratory pressure is less than or equal to 5 cmH^O and 
at least 2.5 sec have passed, oV a total of 5 seconds have 
elapsed since the beginning of thes first exhalation phase; and 
initiating an inspiration phase With mandatory breath set- 
tings while maintaining patient ehd expiratory pressure of 
approximately zero. \ 

16. The method of claim 1, fiirthct comprising the step of 
generating an occlusion alarm signal indicating occlusion of 
the patient tubing system if said condition indicating occlu- 
^sion of the paiient tubing system has occurred. 



[arm if the respective limitsof any of said paAient tubing system has occurred, 

s are exceeded. * Kf%y^'^' ^ systerh for detecting disconnection and occlusion of 

claim 1, wherein said control intervals 'T"^ patient tubint system of a pneumatically driven, electroni- 
d duranVin „ cally controllea ventilator system for providing breathing 

gas to a patientlduring the exhalation phase of a breath cycle, 
said cxhalaiionl phase having a plurality of control intervals, 
the system comprising: 

means for delivering a flow of breathing gas to a paiient 

during an ttnspiraiory phase of a breath cycle; 
means for deWmining an onset of an exhalation phase of 

said breathNoycIe; 
means for suspending gas flow delivery to the patient 
tubing system during said exhalation phase of said 
breath cydle; 

means for monitoring exhalation flow and pressure in the 
paiient tubing system during a plurality of control 
intervals of said cxhaladon phase of said breath cycle 
to deicrmiiie whether a condition indicating disconnec- 
tion of the \patient tubing system has occurred; 
means for mopitoring exhalation pressure in the patient 
tubing system during a plurality of control intervals of 
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exhalation flow 
comprises a pr 
line and a flow 
means for decla! 
system has occun 
sure in the cxha^ 
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said exhalklion phase of said breath cycle to determine 
whether a| condition indicating occlusion of the paUcnt 
tubing system has occurred; and 
means for generating a disconnection signal indicating 
disconnection of the patient tubing system responsive 
to said e^^alation flow and said pressure in said patient 
tubing sypem if said condition indicating occlusion of 
the patient tubing system has not occurred, and if said 
conditionjindicating disconnection of the patient mbing 
system has occurred. 

18. The system of claim 17, wherein said tubing system 
includes an exhalation line, and said means for monitoring 
exhalation flow and pressure in the patient mbing system 
comprises a pressure sensor connected to said exhalation 
line and a flow (sensor connected to said exhalation line, and 
means for declaring disconnection of the patient tubing 
system has occurred if, during a control interval, the pres- 
sure in the exhalation line is less than or greater than a 
predetermined i>ressure range, and if exhalation flow is less 
than a predetermined flow threshold, for a contiguous period 
of consecutive jcontrol intervals within a predetermined 
initial period of ^e foUowing onset of an exhalation phase. 

19. The system of claim 17, wherein said tubing system 
includes an cxhajlalion line, and said means for monitoring 

u«i». a J pressure in the patient tubing system 
sensor connected to said exhalation 
ngcctcd to said exhalation line, and 
sconnection of the patient tubing 
during a control interval, the pres- 
^ line is less than or greater than a 
predetermined pressure range, and if exhalation flow is less 
than a disoonnectk>n flow limit threshold based upon a flow 
target and a predetermined disconnection sensitivity, for a 
^ contiguous pcriodjof consecutive control intervals within a 
J predetermined initial period of time following onset of an 

exhalation phase. I 
'Z 20. The system of claim 17, wherein said tubing system 
Jj includes an exhalation line, and said means for monitoring 
2 exhalation flow and pressure in the patient tubing system 
, comprises a flow sensor connected to said exhalation line, 
and means for declaring disconnection of the patient tubing 
system has occurred if a desired flow target is greater than 
or equal to a maximum flow threshold, and the duration of 
a current inspiration\is greater than or equal to a maximum 
allowed spontaneousunspiration time. 

21. The system of claim 17, wherein said tubing system 
includes an exhalation line, and said means for monitoring 
exhalation flow and brcssure in the patient tubing system 
comprises a flow sensir connected to said exhalation line for 
measuring exhalation jflow from the beginning of an inspi- 
ration to the beginning of an exhalation, means for deter- 
mining an exhalation yolume from the sensed flow from the 
beginning of the inspiration to the beginning of the 
exhalation, and means for declaring disconnection of the 
patient mbing system has occurred if the exhalation volume 
is less than the integral of the net flow from the beginning 
of inspiration to the beginning of exhalation with respect to 
time, multiplied by a proportional factor and a disconnection 
sensitivity factor, for Jhree consecutive breaths. 

22. The system of claim 17, >Vherein said tubing system 
includes an exhalation line ancK an inhalation line, and 
wherein said means for moniiorinV exhalation pressure in 
the patient mbing system to detenmiie whether a condition 
indicating occlusion of the patientVubing system has 
occurred comprises a pressure sensor ^connected to said 
exhalation line, a pressure sensor connect^ to said inhala- 
tion line, a comparator for determining a pi^ure drop by 
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^.^^ring pressure in said exhalation line and pressure in 
saidUnhalation line, and means for generating an alarm 
indicMing occlusion if said pressure drop exceeds a prede- 
termine pressure drop threshold. 

23. system of claim 22, further including means for 
adjusting>aid pressure drop for a pressure ofiket and a gain 
drift- \ 

24. The si^icm of claim 22, wherein said ventilator 
system included a plurality of counters, each of said counters 
having a diffcrenrUmit corresponding to a different respec- 
tive pressure dropSrange, said means for monitoring exha- 
lation pressure in tV patient mbing system to determine 
whether a conditionXiidicating occlusion of the patient 
mbing system has ocd^aed comprising a comparator for 

15 comparing said pressure c(rop and said pressure drop thresh- 
old in a plurality of conscdutive control intervals, means for 
incrementing each of said plurality of counters if the pres- 
sure drop is greater than the corresponding pressure range of 
the plurality of counters, respectively, and means for gen- 
crating an alarm if the respective limits of any of said 
plurality of counters arc exceeded. 

25. The system o£^mJL7, wherein said control intervals 
have a predetermiifearSuration. 

264The system Of claim 17, wherein said mbing system 
includes an exhalation compartment, and wherein, said 
meansXfor monitoring exhalation pressure in the patient 
mbing Wstem to determine whether a condition indicating 
o<xlusioii of the patient mbing system has occurred com- 
prises a Wessure sensor for measuring pressure in said 
exhalationycompartment, and means for generating an alarm 
indicating tocclusion if said pressure in said exhalation 
compartmedt exceeds a predetermined exhaust port thresh- 
old pressureXfor a predetermined number of consecutive 
control intervals within a predetermined period of time 
dining an exhalation phase. 

27. TTie system of claim 17, further comprising means for 
generating an oOclusion signal indicating occlusion of the 
patient tubing sysX^m if said condition indicating occlusion 
of the patient mbing system has occurred. 

28. The system of>^claim 27, further comprising means for 
opening the exhalation valve, means for delivering an idle 
flow, and means for caonitoring flow and pressure to deter- 
mine whether a conditi6)n indicating abatement of occlusion 
of the patient mbing s>4tem has occurred. 

29. The system of c^im 27, wherein said ventilator 
system includes a pressure\control valve, a safety valve, and 
meaxis for flow triggering breath support, and further com- 
prising shut-down phase means for closing the pressure 
control valve, controlling thcv exhalation valve to maintain 

50 patient end expiratory pressur^ at approximately zero, dis- 
continuing flow triggering, setting the patient end expiratory 
pressure equal to zero, settingUhe breathing gas mix to 
contain 100 percent oxygen, and^ppcning the safety valve. 

30. The system of claim 29, further comprising means for 
55 initiating a resumption of flow of breathing gas to the patient 

tubing system during an inspiratory^phase of a breath cycle 
if a condition indicating abatement of occlusion of the 
patient tubing system has occurred. \ 

31. The system of claim 29, wherein said mbing system 
60 includes an inhalation line, and further comprising occlusion 

stams cycling means for sensing inspiratory pressure in said 
inhalation line, maintaining said shut-down phase until 
inspiratory pressure is less than or equal to 5 cmH^O or until 
15 seconds have elapsed, whichever occurs first; initiating 
an inspiration phase, in which at the beginniiig the ventilator . 
closes the safety valve, waiting a predetermined interval of 
time to allow for the safety valve to close,\ delivering a 
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Pre^urc Coatrollcd Ventilation based breath with an inspira- 
torybressure target of approximately 15 cmH^O; initiating 
a first exhalation phase, in which the ventilator closes the 
pressure control valve and controls the exhalation valve to 
maintJin a patient end expiratory pressure of approximately 
zero, until the inspiratory pressure is less than or equal to 5 
cmH^O Wd at least 2.5 sec have passed, or a total of 5 
seconds have elapsed since the beginning of the first exha- 
lation phase; initiating a second exhalation phase, in which 
the ventilator closes the pressure control valve, controls the 
exhalation Valve to maintain a patient cud expiratory pres- 
sure of appmximately zero and opens the safety valve until 
the inspiratory pressure is less than or equal to 5 cmHjO and 
at least 2.5 sfec have passed, or a total of 5 seconds have 
elapsed since toe beginmng of the first exhalation phase; and 
initiating an inspiration phase with mandatory breath set- 
tings while maintaining patient end expiratory pressure of 
approximately ^ro. 

32. The systena of claim 17, further comprising means for 
generating an occlusion alarm signal indicating occlusion of 
the patient tubing^system if said condition indicating occlu- 
sion of the patienty tubing system has occurred. 

33. A method for detecting occlusion of a patient tubing 
system of a pneumatically driven, electronically controlled 
ventilator system for providing breathing gas to a patient 
during the 6xhalation\phasc of a breath cycle, said exhalation 
phase having a pluralky of control intervals, comprising the 
steps of: \ 

delivering a flow of breathing gas to a patient during an 
inspiratory phase of a breath cycle; 

determining an onset of an exhalation phase of said breath 
cycle; \ 

suspending gas flow delivery to the patient tubing system 
during said cxhalatiomphase of said breath cycle; 

monitoring exhalation pressure in the patient tubing sys- 
tem during a plurality\ of control intervals of said 
exhalation phase of sard breath cycle to determine 
whether a condition indicating occlusion of the patient 
tubing system has occurred; and 

generating a occlusion signaAiadicating occlusion of the 
patient tubing system responsive to said pressure in 
said patient tubing system if^said condition indicating 
occlusion of the patient tubing system has occurred. 

34. The method of claim 33, wherein said tubing system 
includes an exhalation line and an inhalation line, and 
wherein said step of monitoring exlialation prcsstu-e in the 
patient tubing system to detcrraineWhether a condition 
indicating occlusion of the paticntX tubing system has 
occurred comprises sensing pressure inlaid exhalation line, 
sensing pressure in said inhalation line, ^determining a pres- 
sure drop by comparing pressure in said exhalation line and 
pressure in said inhalation line, and generating an alarm 
indicating occlusion if said pressure drop Vxcceds a prede- 
termined pressure drop threshold. A 

35. The method of claim 34, further incluqing the step of 
adjusting said pressure drop for a pressure ofl&et and a gain 
drift. T 

36. The method of claim 34, wherein said ventilator 
system includes a plurality of counters, each of skid counters 
having a different limit corrc^onding to a different respec- 
tive pressure drop range, said step of monitoring Exhalation 
presstire in the patient tubing system to determine whether 
a condition indicating occlusion of the patient tubing system 
has occurred comprising comparing said pressure drop and 
said prwsurc drop threshold in a plurality of consecutive 
control intervals, and incrementing each of said plurality of 
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counters 
ing pre 
and generj 
plurality 

37. The 
have a prei 

38, The 
includes a 
of monito 
system to 
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pressure drop is greater than the correspond- 
range of the plurality of counters, respectively, 
jtiog an alarm if the respective limits of any of said 
counters are exceeded. 

icthod of claim 33, wherein said control intervals 
itermined duration. 

lethod of claim 33, wherein said tubing system 
■xhalation compartment, and wherein said step 
exhalation pressure in the patient tubing 
;rminc whether a condition indicating occlu- 
sion of the pdticnt tubing system has occurred comprises 
sensing prcssuie in said exhalation compartment, and gen- 
crating an alarm indicating occlusion if said pressure in said 
exhalation compartment exceeds a predetermined exhaust 
port threshold pressure for a predetermined number of 
consecutive contrbl intervals within a predetermined period 
of time during an ^xhalation phase. 

39. The method of claim 33, further comprising the step 
of generating an occlusion signal indicating occlusion of the 

20 patient tubing system^ if said condition indicating occlusion 
of the patient tubing system has occurred. 

40. The method of claim 39, further comprising the steps 
of opening the exhalation valve, delivering an idle flow, and 
monitoring flow and pressure to determine whether a con- 

25 dition indicating abatement of occlusion of the patient 
tubing system has occurred. 

41. The method of clVim 39, wherein said ventilator 
system includes a pressure>control valve and a safety valve, 
and breath support is flow triggered, and further comprising' 

30 the steps of a shut-down phase of closing the pressure 
control valve, controlling th<k exhalation valve to maintain 
patient end expiratory pressure at approximately zero, dis- 
continuing flow triggering, setting the patient end expiratory 
pressure equal to zero, setting^ the breathing gas mix to 
35 contain 100 percent oxygen, an^ opening the safety valve. 

42. The method of claim 41, farther comprising the step 
of initiating resumption of flowVof breathing gas to the 
patient tubing system during an inspiratory phase of a breath 
cycle if a condition indicating abatement of occlusion of the 

40 patient tubing system has occurred.\ 

43. The method of claim 41, wherein said tiibing system 
includes an inhalation Line, and further comprising the steps 
of sensing inspiratory pressure in saidVnhalation line, main- 
taining said shut-down phase until inspiratory pressure is 
less than or equal to 5 cmH^O or until 15 seconds have 
elapsed, whichever occurs first; initialing an inspiration 
phase, in which at the beginning the ventilator closes the 
safety valve, waiting a predetermined iAterval of time to 
allow for the safety valve to close, delivering a Pressure 
Controlled Ventilation based breath witn an inspiratory 
pressure target of approximately 15 cmH^oXinitiating a first 
exhalation phase, in which the ventilator closes the pressure 
control valve and controls the exhalation valVe to maintain 
a patient end expiratory pressure of approximately zero, 
until the inspiratory pressiue is less than ok equal to 5 
cmH^O and at least 2.5 sec have passed, or a total of 5 
seconds have elapsed since the beginning of thA first exha- 
lation phase; initiating a second exhalation phases in which 
the ventilator closes the pressure control valve, co\itrols the 

60 exhalation valve to maintain a patient end expiratory pres- 
sure of approximately zero and opens the safety vaKrc until 
the inspiratory pressure is less than or equal to 5 cmt^O and 
at least 2.5 sec have passed, or a total of 5 second^ have 
elapsed since the beginning of the first exhalation phase; and 
65 initiating an inspiration phase with mandatory breath\sct- 
tings while maintaining patient end expiratory pressure of 
approximately zero. 
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44. ThAmethod of claim 33. further comprising the step 
of generatibg aa occlusion alarm signal indicating occlusion 
of the patifent tubing system if said condition indicating 
occlusion oA the patient tubing system has occurred. 

45. A systim for detecting occlusion of a patient mbing 
system of a pneumatically driven, electronically controlled 
ventilator system for providing breathing gas to a patient 
during the cxh^ation phase of a breath cycle, said exhalation 
phase having A plurality of control intervals, each of said 
control intcrvali having a predetermined duration, the sys- 
tem comprisingA 

means for delivering a flow of breathing gas to a patient 
during an inspiratory phase of a breath cycle; 

means for deienhining an onset of an exhalation phase of 
said breath cy<cle; 

means for suspe^ing gas flow delivery to the patient 
tubing system during said exhalation phase of said 
breath cycle; 

means for monito 
tubing system di 
said exhalation p 
whether a conditi 
tubing system has 
means for generating 
sion of the patient 
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exhalation pressure in the patient 20 
ig a pliu-ality of control intervals of 
c of said breath cycle to determine 
indicating occlusion of the patient 
;currcd; and 

occliision signal indicating occlu- 25 
ibing system responsive to said 



pressure in said patient tubing system if said condition 
indicating occlusion of the patient tubing system has 



occurred. 
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46. The system of claim 45, wherein said tubing system 
includes an exhalation line^ and an inhalation line, and 
wherein said means for monitoring exhalation pressure in 
the patient tubing system to determine whether a condition 
indicating occlusion of the \paticnt tubing system has 
occurred comprises a pressure sensor connected to said 
exhalation line, a pressure sensor connected to said inhala- 
tion line, a comparator for determining a pressure drop by 
comparing pressure in said exhalation line and pressure in 
said inhalation line, and means \for generating an alarm 
indicating occlusion if said prcssuVe drop exceeds a prede- 
termined pressure drop threshold. \ 

47. The system of claim 46, further including means for 
adjusting said pressure drop for a pritssure ofifect and a gain 
drift. \ 

48. The system of claim 46, wherein said ventilator 45 
system includes a plurality of counters,\each of said counters 
having a different limit corresponding to a different respec- 
tive pressure drop range, said means f6r monitoring exha- 
lation pressure in the patient tubing sWem to determine 
whether a condition indicating occlusion of the patient 
tubing system has occurred comprising\a comparator for 
comparing said pressure drop and said preksure drop thresh- 
old in a plurality of consecutive control intervals, means for 
incrementing each of said plurality of counters if the pres- 
sure drop is greater than the corresponding jJressure range of 55 
the plurality of counters, respectively, and means for gen- 
crating an alarm if the respective limits if any of said 
plurality of counters are exceeded. \ 

49. The system of claim 45, wherein said tubing system 
includes an exhalation compartment, and Wherein said 
means for monitoring exhalation pressure id the patient 
tubing system to dcierrainc whether a conditicin indicating 
occlusion of the patient tubing system has occurred com- 
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prises » pressure sensor for measuring pressure in said 
exhalatton compartment, and means for generating an alarm 
indicatidg occlusion if said pressure in said exhalation 
comparttficnt exceeds a predetermined exhaust port thresh- 
old pressure for a predetermined number of consecutive 
control inlisrvals within a predetermined period of time 
during an exhalation phase. 

50. The syitem of claim 45, further comprising means for 
generating anXocclusion signal indicating occlusion of the 
patient tubing Wtcm if said condition indicating occlusion 
of the patient ttibirig system has occurred. 

51. The systcta of claim 50, further comprising means for 
opening the exhalation valve, means for delivering an idle 
flow, and means for monitoring flow and pressure to deter- 
mine whether a coi^dition indicating abatement of occlusion 
of the patient tubing system has occurred. 

52. The system of claim 50, wherein said ventilator 
system includes a pressure control valve, a safety valve, and 
means for flow trigget^g breath support, and furtiier com- 
prising shutrdown phase means for closing the pressure 
control valve, controlling the exhalation valve to maintain 
patient end expiratory prwsure at approximately zero, dis- 
continuing flow triggeringXsctting the patient end expiratory 
pressure equal to zero, setting the breathing gas mix to 
contain 100 percent oxygcA and opening the safety valve. 

53. The system of claim 52, further comprising means for 
initiating a resumption of flovXof breathing gas to the patient 
tubing system during an inspiratory phase of a breath cycle 
if a condition indicating abatement of occlusion of the 
patient tubing system has occurred. 

54. The system of claim 52, Wherein said tubing system 
includes an inhalation line, and fukhcr comprising occlusion 
status cycling means for sensing irispiratory pressure in said 
inhalation line, maintaining said\shut-down phase until 
inspiratory pressure is less than or cq^l to 5 cmH^O or until 
15 seconds have elapsed, wfaicheverWcurs fiist; initiating 
an indication phase, in which at the beginning the ventilator 
closes the safety valve, waiting a predetermined interval of 
time to allow for the safety valve to\close, delivering a 
Pressure Controlled Ventilation based br^th with an inspira- 
tory pressure target of approximately 15 VmH^O; initiating 
a first exhalation phase, in which the vedtilator closes the 
pressure control valve and controls the exhalation valve to 
maintain a patient end expiratory pressure of approximately 
zero, until the inspiratory pressure is less thin or equal to 5 
cmH^O and at least 2.5 sec have passed, dtf a total of 5 
seconds have elapsed since the beginning ofUie first exha- 
lation phase; initiating a second exhalation phkse, in which 
the ventilator closes the pressure control valvcAcontrols the 
exhalation valve to maintain a patient end expiratory pres- 
sure of approximately zero and opens the safetyWalve until 
the inspiratory pressure is less than or equal to 5 cmH^O and 
at least 2.5 sec have passed, or a total of 5 seconds have 
elapsed since the beginning of the first exhalation phase; and 
initiating an inspiration phase with mandatory breath set- 
tings while maintaining patient end expiratory pr-- ' 

approximately zero. 

55. The S3^tem of claim 45, further comprising means for 
generating an occliision alarm signal indicating occlusion of 
the patient tubing system if said condition indicating o^lu- 
sion of the patient tubing system has occurred. 



